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(57) This invention relates to an image display meth- 
od, which includes the steps mainly characterized by al- 
lowing the observer to stereoscopicalry view the three- 
dimensional partial image by guiding a light beam com- 
ing from the three-dimensional partial image to a prede- 
termined position via a partial parallax barrier, which is 
formed by light directivity controlling means, arranged 
to oppose the image displaying means, by alternately 
arranging stripe-shaped light-transmitting portions and 
light-shielding portions on an area corresponding to the 
three-dimensional partial image; and controlling, using 
light amount adjusting means, the brightness levels of 
the partial images to be observed by the observer in cor- 
respondence with the view point numbers of the partial 
images. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

The present invention relates to an image display 
method and an image display apparatus using the meth- 
od and, more particularly, to an image display method 
and an image display apparatus using the method, io 
which are suitably used for displaying a two-dimensional 
partial image (non -stereoscopic image) and a three-di- 
mensional partial image together (mixed display) or se- 
lectively displaying a two-dimensional image and a 
three-dimensional image using a parallax barrier meth- 15 
od. 

Related Background Art 

As a conventional stereoscopic image display 20 
method, a stereoscopic image display method using a 
parallax barrier system (to be referred to as a parallax 
barrier method hereinafter) or the like is widely known. 

The parallax barrier method is disclosed in S.H. Ka- 
plan, "Theory of Parallax Barriers", J. SMPTE, Vol. 59, 2s 
No. 7, pp. 11 - 21 (1952). With this method, a stripe im- 
age formed by at least alternately arranging right and 
left image portions obtained from a plurality of parallax 
images picked up at a plurality of view points is observed 
via a slit (called a parallax barrier) having predetermined 30 
aperture portions as parallax images corresponding to 
the two eyes of an observer, thus attaining stereoscopic 
viewing. 

Furthermore, Japanese Laid-Open Patent Applica- 
tion Nos. 3-119889 and 5-122733 disclose a stereo- 
scopic image display apparatus which electronically 
generates a parallax barrier using, e.g., a transmission 
type liquid crystal element and electronically controls to 
vary the shape and position of the parallax barrier so as 
to improve compatibility with a two-dimensional image 
(1-view point image) display apparatus. 

Fig. 14 is a diagram showing the basic arrangement 
of a stereoscopic image display apparatus disclosed in 
Japanese Laid-Open Patent Application No. 3-119889. 
in this apparatus, an electronic parallax barrier 103 is 
arranged on a transmission type liquid crystal display 
element 1 01 for displaying an image via a spacer (trans- 
parent glass) 102 having a thickness d. On the trans- 
mission type liquid crystal display element 101 , parallax 
Images picked up from two or more directions are dis- 
played as a vertical stripe image. On the electronic par- 
allax barrier 103, a parallax barrier is formed at an arbi- 
trary position on the barrier surface by designating X and 
Y addresses using a control means such as a micro- 
computer 104, thus allowing stereoscopic viewing ac- 
cording to the principle of the parallax barrier method. 

Fig. 15 shows the arrangement of a display portion 
of a stereoscopic image display apparatus, which is dis- 



closed in Japanese Laid-Open Patent Application No. 
3-11 9889 and is constituted by a liquid crystal panel dis- 
play and an electronic parallax barrier. The display por- 
tion comprises a glass (spacer) portion 102. polarizing 
plates 111, 118, 121, and 128, upper glass substrates 
112 and 122, lower glass substrates 117 and 227, liquid 
crystal layers (TN) 11 5 and 1 25, common electrodes 1 1 3 
and 1 23, pixel electrodes 1 1 6 and 1 26, and spacers 1 1 4 
and 1 24, which constitute an electronic parallax barrier 
103 and a liquid crystal panel display 110. That is, the 
two liquid crystal layers 115 and 125 are respectively 
sandwiched between the two polarizing plates 111 and 
118 and the two polarizing plates 121 and 128. When a 
two-dimensional image is to be displayed by this appa- 
ratus, the display operation of the parallax barrier on the 
electronic parallax barrier 103 is stopped, so that the 
entire image display area is set in the transparent state, 
thereby realizing compatibility with a two-dimensional 
image display apparatus unlike in a conventional stere- 
oscopic image display apparatus using the parallax bar- 
rier method. 

Figs. 16A, 16B,and16C respectively show different 
parallax barrier patterns to be formed on the electronic 
parallax barrier in correspondence with different num- 
bers of view points. As shown in Figs. 16A to 16C, upon 
observation of a stripe image constituted by parallax im- 
ages obtained from two view points, the width, A, of each 
light-shielding portion can be set to be equal to the width, 
B, of each light-transmitting portion. However, as the 
number of view points increases, the width of each light- 
transmitting portion decreases with respect to that of 
each light-shielding portion. That is, as the number of 
view points increases, the aperture ratio of the electronic 
parallax barrier decreases. 

On the other hand, Japanese Laid-Open Patent Ap- 
plication No. 5-1 22733 discloses an arrangement which 
can display a parallax barrier pattern on only a partial 
area of an electronic parallax barrier 103 comprising a 
transmission type liquid crystal display element, and can 
display a three-dimensional image and a two-dimen- 
sional image together on a single screen, as shown in 
Figs. 17Aand 17B. 

However, as disclosed in Haruo Isono, Minoru Yas- 
uda, and Hideaki Sasazawa, "Liquid Crystal Parallax 
Barrier Type Three-dimensional Image Display", Jour- 
nalof The Institute of Electronics, Information and Com- 
munication Engineers, C-ll, Vol. J76-C-M, No. 1, pp. 24 
- 30 (1 993), in a three-dimensional image display appa- 
ratus using the parallax barrier method, the luminance 
of the screen lowers as the number of view points in- 
creases. Fig. 18 is a graph showing the relationship be- 
tween the number of view points and the luminance/res- 
olution in the stereoscopic image display apparatus us- 
ing the parallax barrier method. Taking the luminance in 
the case of one view point, i.e., upon displaying a two- 
dimensional image as T, the screen luminance upon 
displaying a three-dimensional image lowers as the 
number of view points increases, as shown in Fig. 18. 
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More specifically, when the three-dimensional image is 
a stripe image obtained by synthesizing parallax images 
obtained from two view points, the screen luminance be- 
comes 0.6; when the three-dimensional image is a stripe 
image obtained by synthesizing parallax images ob- 
tained from three view points, the screen luminance be- 
comes as dark as about 0.4. 

Therefore, in the three-dimensional image display 
apparatus disclosed in Japanese Laid-Open Patent Ap- 
plication No. 3-11 9889, the screen luminance drastically 
changes upon switching between three- and two-dimen- 
sional images. 

Similarly, in the mixed display method of three- and 
two-dimensional partial images disclosed in Japanese 
Laid-Open Patent Application No. 5-1 22733, three- and 
two-dimensional image display areas have different im- 
age brightness levels, and images displayed on these 
areas are not easy to see. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
image display method and an image display apparatus 
using the same, which can display three- and two-di- 
mensional partial images together using a parallax bar- 
rier method so that the partial images have substantially 
constant brightness levels : or can switch an image dis- 
play mode between the three- and two-dimensional im- 
age display modes without changing the brightness 
range of the screen. 

In order to achieve the above object, according to 
one aspect of the present invention, there is provided 
an image display method comprising the steps of: 

defining an image obtained from one view point as 
a two-dimensional image; 
defining, as a three-dimensional image, a stripe im- 
age formed by dividing each of a plurality of parallax 
images from a plurality of view points into a plurality 
of stripe pixels and arranging the plurality of stripe 
pixels in a predetermined order; 
displaying, on image displaying means, the two-di- 
mensional image and the three-dimensional image 
together as a two-dimensional partial image and a 
three-dimensional partial image, or displaying a plu- 
rality of three-dimensional images with different 
view point numbers together as three-dimensional 
partial images; 

allowing an observer to stereoscopically view the 
three-dimensional partial image by guiding a light 
beam coming from the three-dimensional partial im- 
age to a predetermined position via a partial paral- 
lax barrier, which is formed by light directivity con- 
trolling means, arranged to oppose the image dis- 
playing means, by alternately arranging stripe- 
shaped light-transmitting portions and light-shield- 
ing portions on an area corresponding to the three- 
dimensional partial image; and 



controlling, using light amount adjusting means, 
brightness levels of the partial images to be ob- 
served by the observer in correspondence with view 
point numbers of the partial images. 

5 

According to a preferred aspect, the controlling step 
includes the step of setting the brightness levels of the 
partial images to be substantially equal to each other. 
According to a preferred aspect, the method further 

io comprises the step of changing a pattern of the partial 
parallax barrier in correspondence with the view point 
number of the three-dimensional partial image. 

According to a preferred aspect, illuminating means 
for illuminating the image displaying means illuminates 

15 by.dividing an illumination surface thereof into a plurality 
of divided areas, and the method further comprises the 
step of adjusting, using the light amount adjusting 
means, light emission amounts of the illuminating 
means in units of divided areas. 

20 According to a preferred aspect, the method further 
comprises the step of substantially superposing bound- 
ary lines of the partial images and boundary lines of the 
parallax barrier on dividing lines of the divided areas. 
According to a preferred aspect, the image display- 

25 ing means comprises a first light modulation panel, 
which is illuminated by illuminating means, and the 
method further comprises the steps of controlling, using 
the light amount adjusting means, a luminance value of 
the first light modulation panel in correspondence with 

30 the view point number of the partial image. 

According to a preferred aspect, the image display- 
ing means comprises a self-emitting type display ele- 
ment, and the method further comprises the step of con- 
trolling, using the light amount adjusting means, a lumi- 

35 nance value of the self-emitting type display element in 
correspondence with the view point number of the par- 
tial image. 

According to a preferred aspect, the light directivity 
controlling means comprises a second light modulation 

40 panel, and the method further comprises the step of con- 
trolling, using the light amount adjusting means, a trans- 
mittance of the light-transmitting portions of the partial 
parallax barrier in correspondence with the view point 
number of the corresponding partial image. 

45 According to a preferred aspect, the image display- 
ing means comprises a first light modulation panel, 
which is illuminated by illuminating means, the light di- 
rectivity controlling means comprises a second light 
modulation panel, and the method further comprises the 

50 step of controlling, using the light amount adjusting 
means, a transmittance of the light-transmitting portions 
of the partial parallax barrier in correspondence with the 
view point number of the corresponding partial image. 
According to a preferred aspect, the method further 

55 comprises the step of maintaining, using the light 
amount adjusting means, the brightness levels of the 
partial images to be substantially constant when an im- 
age displayed on the image displaying means is 
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switched to another image. 

According to a preferred aspect, the method further 
comprises the step of performing light amount adjust- 
ment after an image displayed on the image displaying 
means is switched to another image so as to maximize s 
the brightness level, after the switching operation, to be 
visually recognized by the observer in the image dis- 
played on the image displaying means when a total 
number of partial images displayed after the switching 
operation is 1. 

According to a preferred aspect, the method further 
comprises the step of performing light amount adjust- 
ment after an image displayed on the image displaying 
means is switched to another image so as to gradually 
maximize the brightness level, after the switching oper- 
ation, to be visually recognized by the observer in the 
image displayed on the image displaying means a pre- 
determined period of time after the switching operation 
of the image when the brightness level to be visually rec- 
ognised by the observer before and after the switching 
operation changes. 

According to another aspect of the present inven- 
tion, there is provided an image display method com- 
prising the steps of: 

defining an image obtained from one view point as 
a two-dimensional image; 

defining, as a three-dimensional image, a stripe im- 
age formed by dividing each of a plurality of parallax 
images from a plurality of view points into a plurality 
of stripe pixels and arranging the plurality of stripe 
pixels in a predetermined order; 
displaying, on image displaying means, the two-di- 
mensional image and the three-dimensional image 
together as a two-dimensional partial image and a 
three-dimensional partial image, or displaying a plu- 
rality of three-dimensional images with different 
view point numbers together as three-dimensional 
partial images; 

allowing an observer to stereoscopically view the 
three-dimensional partial image by guiding to a pre- 
determined position, via the three-dimensional par- 
tial image, a light beam coming from a partial par- 
allax barrier, which is formed by light directivity con- 
trolling means, arranged to oppose the image dis- 
playing means, by alternately arranging stripe- 
shaped light-transmitting portions and light-shield- 
ing portions on an area corresponding to the three- 
dimensional partial image; and 
controlling, using light amount adjusting means, 
brightness levels of the partial images to be ob- 
served by the observer in correspondence with view 
point numbers of the partial images. 

According to a preferred aspect, the controlling step 
includes the step of setting the brightness levels of the 
partial images to be substantially equal to each other 

According to a preferred aspect, the method further 



comprises the step of changing a pattern of the partial 
parallax barrier in correspondence with the view point 
number of the three-dimensional partial image. 

According to a preferred aspect, illuminating means 
for illuminating the image displaying means illuminates 
by dividing an illumination surface thereof into a plurality 
of divided areas, and the method further comprises the 
step of adjusting, using the light amount adjusting 
means, light emission amounts of the illuminating 
means in units of divided areas. 

According to a preferred aspect, the method further 
comprises the step of substantially superposing bound- 
ary lines of the partial images and boundary lines of the 
parallax barrier on dividing lines of the divided areas. 

According to a preferred aspect, the image display- 
ing means comprises a first light modulation panel, and 
the method further comprises the steps of controlling, 
using the light amount adjusting means, a luminance 
value of the first light modulation panel in correspond- 
ence with the view point number of the partial image. 

According to a preferred aspect, the light directivity 
controlling means comprises a second light modulation 
panel, and the method further comprises the step of con- 
trolling, using the light amount adjusting means, a trans- 
mittance of the light-transmitting portions of the partial 
parallax barrier in correspondence with the view point 
number of the corresponding partial image. 

According to a preferred aspect, the method further 
comprises the step of maintaining, using the light 
amount adjusting means, the brightness levels of the 
partial images to be substantially constant when an im- 
age displayed on the image displaying means is 
switched to another image. 

According to a preferred aspect, the method further 
comprises the step of performing light amount adjust- 
ment after an image displayed on the image displaying 
means is switched to another image so as to maximize 
the brightness level, after the switching operation, to be 
visually recognized by the observer in the image dis- 
played on the image displaying means when a total 
number of partial images displayed after the switching 
operation is 1 . 

According to a preferred aspect, the method further 
comprises the step of performing light amount adjust- 
ment after an image displayed on the image displaying 
means is switched to another image so as to gradually 
maximize the brightness level, after the switching oper- 
ation, to be visually recognized by the observer in the 
image displayed on the image displaying means a pre- 
determined period of time after the switching operation 
of the image when the brightness level to be visually rec- 
ognized by the observer before and after the switching 
operation changes. 

According to still another aspect of the present in- 
vention, there is provided an image display method 
comprising the steps of: 

defining an image obtained from one view point as 
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a two-dimensional image; 

defining, as a three-dimensional image, a stripe im- 
age formed by dividing each of a plurality of parallax 
images from a plurality of view points into a plurality 
of stripe pixels and arranging the plurality of stripe s 
pixels in a predetermined order; 
displaying, on image displaying means, the two-di- 
mensional image and the three-dimensional image 
together as a two-dimensional partial image and a 
three-dimensional partial image, or displaying a plu- 
rality of three-dimensional images with different 
view point numbers together as three-dimensional 
partial images; 

allowing an observer to stereoscopically view the 
three-dimensional partial image by guiding to a pre- 1 5 
determined position, via the three-dimensional par- 
tial image, a light beam coming from a partial par- 
allax barrier, which is formed by light directivity con- 
trolling means, arranged to oppose the image dis- 
playing means and constituted by a plurality of sell- 20 
emitting type elements, by alternately arranging 
stripe-shaped light-emitting portions and non -light- 
emitting portions on an area corresponding to the 
three-dimensional partial image; and 
controlling, using light amount adjusting means, 2s 
brightness levels of the partial images to be ob- 
served by the observer in correspondence with view 
point numbers of the partial images. 

According to a preferred aspect, the controlling step 30 
includes the step of setting the brightness levels of the 
partial images to be substantially equal to each other. 

According to a preferred aspect, the method further 
comprises the step of changing a pattern of the partial 
parallax barrier in correspondence with the view point 35 
number of the three-dimensional partial image. 

According to a preferred aspect, the method further 
comprises the step of controlling, using the light amount 
adjusting means, a luminance value of the light-emitting 
portions of the parallax barrier in correspondence with 40 
the view point number of the partial image. 

According to a preferred aspect, the method further 
comprises the step of maintaining, using the light 
amount adjusting means, the brightness levels of the 
partial images to be substantially constant when an im- 45 
age displayed on the image displaying means is 
switched to another image. 

According to a preferred aspect, the method further 
comprises the step of performing light amount adjust- 
ment after an image displayed on the image displaying so 
means is switched to another image so as to maximize 
the brightness level, after the switching operation, to be 
visually recognized by the observer in the image dis- 
played on the image displaying means when a total 
number of partial images displayed after the switching ss 
operation is 1 . 

According to a preferred aspect, the method further 
comprises the step of performing light amount adjust- 



ment after an image displayed on the image displaying 
means is switched to another image so as to gradually 
maximize the brightness level, after the switching oper- 
ation, to be visually recognized by the observer in the 
image displayed on the image displaying means a pre- 
determined period of time after the switching operation 
of the image when the brightness level to be visually rec- 
ognized by the observer before and after the switching 
operation changes. 

The detailed embodiments of the present invention 
will become apparent from some embodiments to be de- 
scribed below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram showing the arrange- 
ment of an image display apparatus according to 
the first embodiment of the present invention; 
Fig. 2 is an explanatory view of the arrangement of 
a display portion of the first embodiment; 
Figs. 3A and 3B are schematic circuit diagrams 
showing the arrangement of an image processing 
portion of the first embodiment; 
Fig. 4 is a schematic diagram showing the arrange- 
ment of a backlight of the first embodiment; 
Figs. 5A and 5B are respectively a front view and 
sectional view showing principal part of one divided 
area of the backlight of the first embodiment; 
Figs. 6A to 6C, 6D to 6F, and 6G to 61 are explana- 
tory views of the relationship among the light emis- 
sion amounts of the respective divided areas of the 
backlight, partial images on an LCD 1 , and a partial 
parallax barrier on an LCD 2 in the first embodiment; 
Fig. 7 is a schematic diagram showing the arrange- 
ment of an image display apparatus according to 
the second embodiment of the present invention; 
Fig. 8 is a schematic diagram showing the arrange- 
ment of a first image processing portion of the sec- 
ond embodiment; 

Fig. 9 is a schematic diagram showing the arrange- 
ment of an image display apparatus according to 
the third embodiment of the present invention; 
Fig. 10 is a schematic diagram showing the ar- 
rangement of a second image processing portion of 
the third embodiment; 

Figs. 1 1 A and 11 Bare views showing display exam- 
ples on two LCDs of the third embodiment; 
Fig. 12 is a schematic diagram showing the ar- 
rangement of an image display apparatus accord- 
ing to the fourth embodiment of the present inven- 
tion; 

Figs. 1 3A and 1 3B are views showing display ex- 
amples on a CRT and an LCD of the fourth embod- 
iment; 

Fig. 14 is a schematic diagram showing the ar- 
rangement of a conventional stereoscopic image 
display apparatus; 

Fig. 1 5 is a sectional view showing the arrangement 
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of a display portion of the conventional stereoscopic 
image display apparatus; 

Figs. 16A, 16B, and 16C are explanatory views of 
the relationship between parallax barrier patterns 
and the numbers of view points; s 
Figs. 1 7 A and 1 7B are views showing an electronic 
parallax barrier upon displaying two- and three-di- 
mensional partial images together in the conven- 
tional stereoscopic image display apparatus; and 
Fig. 1 8 is a graph showing the relationship between 10 
the number of view points and the luminance/reso- 
lution in the conventional stereoscopic image dis- 
play apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED is 
EMBODIMENTS 

An image display apparatus of the present invention 
selectively displays a two-dimensional image (non-ster- 
eoscopic image) obtained from one view point , and a 20 
three-dimensional image (stereoscopic image) ob- 
tained from a plurality of view points, or displays some 
windows on the display surface, as indicated by an LCD 
1 in Fig. 6B, and displays two- and three-dimensional 
partial images together in units of areas limited by these 25 
windows. In this specification, the image to be displayed 
on a window will be referred to as a partial image here- 
inafter, and the background image will also be referred 
to as a partial image. 

A three-dimensional image to be displayed on the 
display screen of the image display apparatus of the 
present invention will be explained below. A three-di- 
mensional image is synthesized based on a plurality of 
images with the parallax (i.e., parallax images) obtained 
from a plurality of view points. In order to synthesize a 
three-dimensional image, at least two parallax images 
are required. Let Rg be the parallax image correspond- 
ing to the right eye, and Lg be the parallax image corre- 
sponding to the left eye. These parallax images are di- 
vided into vertically elongated stripe pixels Ri and Li (i 
= 1 , 2, 3,...) having the same width. One image consti- 
tuted by arranging these stripe pixels in the order of R1 , 
L2, R3, L4,... (orL1, R2, L3, R4,...) is a three-dimension- 
al image, which is also called a stripe image. If there are 
three parallax images A, B, and C, a stripe image is ob- 
tained by arranging stripe pixels in the order of A1, B2, 
C3, A4, B5, C6,..., or B1, C2, A3, B4, C5, A6,..., orC1, 
A2, B3, C4, A5, B6 When a three-dimensional image 
constituted by stripe pixels is observed via a parallax 
barrier, it can be recognized as a stereoscopic image. 
In the case of the present invention, since partial images 
having different numbers of view points are displayed 
together, parallax barriers are formed in units of areas 
corresponding to three-dimensional partial images on 
an element that forms a parallax barrier (for example, 
an LCD 2 (to be described rater) in the first embodiment; 
or a CRT 25 (to be described later) in the fourth embod- 
iment). In this specification, a parallax barrier formed in 



correspondence with a partial image will be referred to 
as a partial parallax barrier. The partial parallax barrier 
is a pattern defined by alternately arranging vertically 
elongated stripe-shaped light-transmitting portions and 
light-shielding portions (light-emitting portions and non- 
light-emitting portions in the fourth embodiment), as 
shown in Figs. 1 6 A, 1 6B, and 1 6C , and the widths of the 
light-transmitting portions and the light-shielding por- 
tions change in correspondence with the number of view 
points of a partial image. As shown in Figs. 16A, 16B, 
and 1 6C, as the number of view points, the width of each 
light-transmitting portion relatively decreases. Since a 

1 -view point partial (portion) image is a non-stereoscop- 
ic image, the entire area corresponding to the 1 -view 
point partial image on the element that forms the paral- 
lax barrier is defined by only light-transmitting portions 
(or only light-emitting portions). For the sake of simplic- 
ity, in this specification, the partial parallax barrier cor- 
responding to the 1-view point partial image is defined 
by only light-transmitting portions. In the following de- 
scription, a partial parallax barrier will be abbreviated as 
"partial PB". 

Fig. 1 is a schematic diagram showing the arrange- 
ment of an image display apparatus according to the first 
embodiment of the present invention. A first light mod- 
ulation panel 1 (image displaying means, LCD 1 ) com- 
prises a transmission type liquid crystal display element 
(LCD). A backlight 3 (illuminating means) illuminates the 
first light modulation panel 1 . 

A second light modulation panel 2 (light directivity 
controlling means, LCD 2) comprises a transmission 
type liquid crystal display element (LCD). The LCD 2 dis- 
plays a parallax barrier on an area corresponding to a 
stripe image 1 1 in correspondence with the stripe image 
11 displayed on the LCD 1 . The parallax barrier is a pat- 
tern defined by alternately arranging vertical stripe- 
shaped light-transmitting portions and light-shielding 
portions in the horizontal direction, and guides light 
beams from stripe pixels constituting the stripe image 
11 to predetermined observation positions, thus allow- 
ing an observer to stereoscopically observe the stripe 
image 1 1 . 

The LCDs 1 and 2, the backlight 3, and the like cor- 
respond to constituting elements ol a display portion. 
Fig. 1 shows the horizontal section of the display portion. 
The LCD 1 selectively displays a two-or three-dimen- 
sional image or displays them together as partial images 
on its display screen. Fig. 1 exemplifies a case wherein 
a three-dimensional partial image based on two view 
points is displayed, i.e., illustrates a stripe image 11 syn- 
thesized by arranging stripe pixels in the order of R1 , 
L2, R3, L4, R5, L6,... from the left end of the screen. Fig. 

2 is an explanatory view of the arrangement of the dis- 
play portion of this embodiment. Referring to Fig. 2, the 
display portion also comprises polarizing plates 21 , 22, 
and 23, which have directions of polarization indicated 
by arrows. The directions of polarization of adjacent po- 
larizing plates are perpendicular to each other. The dis- 
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play portion of this embodiment is constituted by arrang- 
ing the polarizing plate 21, the LCD 1, the polarizing 
plate 22, the LCD 2, and the polarizing plate 23 to over- 
lap each other in turn from the backlight 3 toward the 
observer side. The arrangement of the display portion s 
of this embodiment is a so-called front barrier system in 
which the light directivity controlling means is arranged 
on the observer side of the image displaying means. 

The relationship between the two LCDs constituting 
the display portion of the apparatus of this embodiment 
will be described below with reference. to Fig. 1. Let O 
be the interval (base length) between the two eyes of 
the observer, C be the observation distance of the LCD 
1 , D be the interval between the LCDs 1 and 2, B* be 
the width of each light-transmitting portion of a partial 
parallax barrier, and P be the pixel interval of stripe pix- 
els displayed on the LCD 1 . Then, to attain stereoscopic 
viewing, these parameters must satisfy the following re- 
lations: 

D = P-C/(0 + P) (1) 



B' = P*(C - D)/C (2) 

Note that the observation width has a finite diver- 
gence at the observation position in practice, and these 
quantities are set after they are slightly modified. These 
relationships have been described in detail in S.H. Ka- 
plan, "Theory of Parallax Barriers", J. SMPTE, Vol. 59, 
No. 7, pp. 11 -21 (1952). 

By appropriately changing the above-mentioned 
parameters, a stereoscopic image based on three or 
more view points can be displayed, and a partial parallax 
barrier to be displayed on the LCD 2 can be formed to 
match the state of the image. 

Referring to Fig. 1 , an LCD 2 drive circuit 4 drives 
the LCD 2, and an LCD 1 drive circuit 5 drives the LCD 
1 . A light amount adjusting circuit (light amount adjusting 
means) 6 adjusts the light emission amount of the back- 
light 3. A window information inputting means 7 is con- 
nected to the light amount adjusting circuit 6. Note that 
the entire display screen is handled as one window. An 
image inputting and generating means 1 9 inputs or gen- 
erates a background image (as one partial image) and 
a partial image to be displayed on each window At this 
lime, if the partial image is a two-dimensional partial im- 
age, the means 19 inputs or generates only one image. 
However, if the partial image is a three-dimensional par- 
tial image, the means 1 9 inputs or generates parallax 
images corresponding to a plurality of view points. A 
view point numbers detecting portion (view point num- 
bers detecting means) 8 detects based on input or syn- 
thesized image data whether the partial image is a two- 
dimensional image (the view point number (the number 
of view points) n - 1 ) or a three-dimensional image (the 
view point number n > 2), and detects the number n of 



view points if the partial image is a three-dimensional 
image. The view point number n will also be referred to 
as view point numbers information hereinafter. The view 
point numbers detecting portion 8 is connected to first 
and second image processing portions 9 and 10. Also, 
a system controlling portion 18 is connected to the win- 
dow information inputting means 7 and the image input- 
ting and generating means 19. 

Fig. 3A is a circuit diagram showing the arrange- 
ment of the first image processing portion 9 of the first 
embodiment. Each of i-th stripe image synthesizing cir- 
cuits 11 j receives i-th image data and view point num- 
bers informatbn ni of the image data, divides n parallax 
images into a plurality of vertically elongated stripe pix- 
els, and synthesizes a single stripe image by arranging 
the stripe pixels in a predetermined order. When the in- 
put image data is a two-dimensional image, each of the 
circuits 11j directly outputs the input data to the next 
stage. 

Each of i-th image compressing circuits 12j com- 
presses stripe image data or two-dimensional image da- 
ta output from the previous stage to a window size in 
accordance with window area designating information 
of a window for displaying the i-th image data. 

Pairs of stripe image synthesizing circuits 11 j and 
image compressing circuits '\2i are arranged and 
formed in parallel with each other in correspondence 
with the number of windows to be displayed on the LCD 
+ 1 (corresponding to a background image). A window 
controlling circuit 13 sets a plurality of windows in a 
background image on the basis of image data from the 
image compressing circuits 12j and the window area 
designating information, forms an image that displays 
the compressed stripe or two-dimensional images, and 
displays the formed image on the LCD 1 via the LCD 1 
drive circuit 5. 

Fig. 3B is a circuit diagram showing the arrange- 
ment of the second image processing portion 10 of the 
first embodiment. As shown in Fig. 3B, the second im- 
age processing portion 10 has a barrier stripe generat- 
ing circuit 14, which receives view point numbers infor- 
mation n from the view point numbers detecting portion 
8 and window area designating information from the 
window information inputting means 7, generates, on 
the LCD 2, a partial parallax barrier (partial PB) corre- 
sponding to a three-dimensional partial image to be dis- 
played on the LCD 1 , and displays the partial PB on the 
LCD 2 via the LCD 2 drive circuit 4. 

Fig. 4 is a schematic diagram showing the arrange- 
ment of the backlight of this embodiment. Fig. 4 illus- 
trates the backlight 3 portion as a front view. Figs. 5A 
and 5B are respectively a front vie w and a sectional view 
of one divided area of the backlight. The illumination sur- 
face of the backlight 3 is equally divided into four areas 
in the vertical direction and is also equally divided into 
four areas in the horizontal direction, i.e., is divided into 
a total of 16 areas 31 8 j. Each divided area 31 j j has an 
inputting portion, and the light amount adjusting circuit 
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6 controls the light emission amount of each divided ar- 
ea 31 j j by inputting a pulse signal via an inputting portion 
32. Each divided area 31 s j has fluorescent lamps 33, a 
reflection plate 34, and a scattering plate 35. 

As described above, the backlight 3 of this embod- 
iment is divided into the plurality of areas 31^ (i = 1 to 
4, j = 1 to 4), and has the fluorescent lamps 33, the in- 
putting portion 32, and a circuit (not shown) for turning 
on the fluorescent lamps in each divided area. Based 
on the window area designating information and the 
viewpoint numbers information input to the light amount 
adjusting circuit 6, the frequency of a pulse signal input 
vo the fluorescent lamp lighting circuit of each divided 
area 31 j j is changed to control the light emission amount 
of the fluorescent lamps. 

The reflection plate 34 is arranged on the rear sur- 
face of each divided area 31 ^ to improve illumination 
efficiency, and the scattering plate 35 is arranged on the 
front surface so as to illuminate the corresponding illu- 
mination portion of the LCD with uniform light. 

Therefore, the backlight 3 constitutes a divisional 
illumination backlight, which can generate illumination 
light with a uniform luminance on the entire surface of 
each divided area, and can independently control the 
light emission amount of each divided area. 

The flow of processing of this embodiment will be 
described below with reference to Figs. 3A and 3B, and 
Fig. 4. The system controlling portion 18 inputs informa- 
tion associated with the number, sizes, positions, and 
the like of windows, i.e., window area designating infor- 
mation by controlling the window information inputting 
means 7. This information is output to the first and sec- 
ond image processing portions 9 and 10, and the light 
amount adjusting circuit 6. 

The system controlling portion 18 controls the im- 
age inputting and generating means 19 to generate or 
input a background image and partial images to be dis- 
played on the windows. At this time, if the partial image 
is a two-dimensional image, the means 1 9 generates or 
inputs one image data; if the partial image is a three- 
dimensional image, the means 19 generates or inputs 
parallax images corresponding to the view point number 
n. The input image has data indicating its view point 
number and a window to be displayed. An image data 
group including a plurality of such image data is paral- 
lelly input to the view point numbers delecting portion 8. 

The view point numbers detecting portion 8 detects 
view point numbers ni in units of image data, and paral- 
lelly outputs the detected view point numbers informa- 
tion ni to the first image processing portion 9 together 
with the image data. Also, the view point numbers de- 
tecting portion 8 outputs the detected view point num- 
bers information ni to the second image processing por- 
tion 10 and the light amount adjusting circuit 6. 

The operation in the first image processing portion 
9 will be explained below. If each of the stripe image 
synthesizing circuits 1 1 j determines based on the image 
data and the view point numbers information ni of the 



image data that the input image data is a three-dimen- 
sional image (the view point number n > 2), the circuit 
11 i divides ni parallax image data into a plurality of stripe 
pixels, forms a single stripe image by alternately arrang- 

s ing the stripe pixels in a predetermined order, and out- 
puts the stripe image to the next stage. If the input image 
data is a two-dimensional image data (the view point 
number n = 1), the circuit 11j directly outputs the image 
data to the next stage. Each of the image compressing 

10 circuits 12j compresses the image data output Irom the 
previous stage to the corresponding window size on the 
basis of the window area designating information, and 
outputs the compressed image data to the window con- 
trolling circuit 13. 

is The window controlling circuit 13 receives the im- 
age data compressed to the corresponding window siz- 
es from the respective image compressing circuits 12j, 
forms image information for one screen by appropriately 
determining the layout of these image data on the basis 

20 of the window area designating information, and outputs 
the formed image information to the LCD 1 drive circuit 
5. The LCD 1 drive circuit 5 drives the LCD 1 on the 
basis of the image information, and displays a synthe- 
sized image on the display screen of the LCD 1 . 

25 The second image processing portion 10 receives 
the viewpoint numbers information and the windowarea 
designating information, generates image data of partial 
PBs corresponding to three-dimensional partial images 
to be displayed on the LCD 1 , and outputs them to the 

30 LCD 2 drive circuit 4. The LCD 2 drive circuit 4 drives 
the LCD 2 on the basis of the input image data, and 
forms partial PBs on areas corresponding to the three- 
dimensional partial images on the display screen of the 
LCD 2. The light amount adjusting circuit 6 controls the 

35 light emission amounts of the respective divided areas 
of the backlight 3 on the basis of the window area des- 
ignating information and the view point numbers infor- 
mation n. 

Figs. 6A to 61 are explanatory views showing the 
relationship among the light emission amounts of the re- 
spective divided areas of the backlight, partial images 
displayed on the LCD 1 , and partial PBs displayed on 
the LCD 2. Numerals in the respective divided areas of 
the backlight represent the relative light amount ratios. 

4 5 The luminance of each partial image and the move- 
ment and size change of a window will be explained be- 
low while taking as an example a case wherein a two- 
dimensional partial image (1 -view point partial image) is 
displayed as a background image of the LCD 1 , and win- 

50 dow 1 that displays a 2-view point three-dimensional im- 
age and window 2 that displays a 3-view point three- 
dimensional image are simultaneously displayed there- 
on. 

In this embodiment, as shown in Figs. 6A, 6D, and 
55 6G, taking the brightness of the divided areas of the 
backlight, which illuminate a 3-view point partial image 
as T, the brightness of the divided areas of the back- 
light, which illuminates a 2-view point partial image is 
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0.7, and the brightness of the divided areas of the back- 
light, which illuminate a 1 -view point partial image is 0.4. 
Thus, the brightness assumes different values depend- 
ing on the view point numbers. This is to correct relative 
darkness of an image since the aperture ratio of the par- 
allax barrier pattern must be lowered as the view point 
number increases. Using the brightness of illumination 
of the backlight x the view point number and also using 
data shown in Fig. 18, a decrease in image luminance 
can be calculated as follows: 
When 

n= 1:0.4 x 1 =0.4 

When 

n = 2: 0.7 X 0.6 = 0.42 

When 

n = 3: 1 X 0.4 = 0.4 

In this manner the observer can recognize substantially 
the same brightness levels (luminance range) inde- 
pendently of the types of partial images. 

As described above, the present invention is char- 
acterized in that the brightness levels of partial images 
to be observed by the observer are controlled by the light 
amount adjusting means in correspondence with the 
view point numbers, so as to set the partial images to 
have substantially equal brightness levels. Note that "to 
set the partial images to have substantially equal bright- 
ness levels" means that when an original image which 
exhibits the maximum luminance on the entire screen is 
converted into a partial image and the partial image is 
displayed, the brightness level ot the darkest partial im- 
age to be observed by the observer is set to be 80% or 
higher that of the brightest partial image. 

In this embodiment, as shown in Figs. 6A, 6B, and 
6C, the boundary lines of partial images 1 and 2 (win- 
dows 1 and 2) and partial PBs 1 and 2 to be formed on 
the LCDs 2 and 1 are superposed on the dividing lines 
of the divided areas of the backlight 3. 

Upon movement of window 1 to a position shown in 
Figs. 6D, 6E, and 6F using an inputting means such as 
a mouse, the threshold value of the moving amount of 
the mouse is determined in advance, and at the same 
time when the moving amount exceeds the threshold 
value, the window position is controlled to move in units 
of divided area sizes of the backlight. 

Upon changing the size of window 1 , as shown in 
Figs. 6G, 6H, and 61, the threshold value of the moving 
amount of the mouse is similarly determined in advance, 
and at the same time when the moving amount exceeds 
the threshold value, the size of the window is controlled 



to change in units of divided area sizes of the backlight. 

As described above, since the boundary lines of the 
partial images (windows) are always controlled to over- 
lap the dividing lines of the areas of the backlight, when 
5 both three- and two-dimensional partial images are dis- 
played on the screen, the brightness range (luminance 
range) of the entire screen can be maintained to be sub- 
stantially constant. 

More specifically, in this embodiment, the light 
amount adjusting means controls the light emission 
amounts of the divided areas of the illumination means 
on the basis of the view point number information of par- 
tial images to be displayed on the first light modulation 
panel, thereby adjusting the brightness levels of partial 
images to be observed by the observer to substantially 
constant levels. 

In this embodiment, when an image with a small 
view point number is displayed on the LCD 1 , the illumi- 
nation light amount is lowered, thus attaining power sav- 
ings. 

In this embodiment, since the time required from the 
generating/inputting operations of images to their output 
operations is controlled so that the light emission of the 
backlight 3, the partial image display operation on the 
LCD 1 , and the partial PB display operation on the LCD 
2 are performed at the same time, a substantially con- 
stant luminance range of the respective images can be 
maintained even when three-and two-dimensional im- 
ages are displayed together on the screen. 

When the window is to be moved or the window size 
is to be changed, a two-dimensional image may be dis- 
played at the window position of the LCD 1, the corre- 
sponding partial PB to be displayed on the LCD 2 may 
be constituted by only light-transmitting portions, and 
the backlight 3 may be controlled to have a light amount 
used upon displaying a two-dimensional image inde- 
pendently of the view point number of an image in the 
window. Upon completion of the moving or size chang- 
ing operation of the window in units of sizes of the divid- 
ed areas, a partial image and a partial PB with a bright- 
ness corresponding to the view point number may be 
displayed. 

The backlight 3 of this embodiment may be consti- 
tuted by, e.g., a two-dimensional array LED divided to 
have the same pixel size as that of the LCDs 1 and 2, 
and may be controlled, so as to attain smooth movement 
of the window and smooth change in window size. 

In the present invention, when the display state is 
switched to the full -screen display state of a two- or 
three-dimensional image, a substantially constant lumi- 
nance range of the entire screen can be maintained. For 
example, assume that a maximum 3-view point partial 
image is displayed on the image displaying means. At 
this time, in this embodiment, when 1- to 3-view point 
images are displayed at the same time, the brightness 
of each partial image to be observed by the observer is 
about 0.4 as the above-mentioned value. Thus, in the 
full-screen display state, a two- or three-dimensional im- 
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age (both images are defined as partial images) is dis- 
played on the entire screen to have a brightness of 0.4. 
When the brightness of an image is controlled in this 
manner, even when the display state is switched to the 
full-screen display state of a two- or three-dimensional 
image, a substantially constant luminance range ol the 
entire screen can be maintained. 

Also, in the present invention, only when the image 
to be displayed on the entire screen is switched to a two- 
or three-dimensional image, the light amount adjust- 
ment before and after the switching operation may be 
inhibited. 

For example, if the maximum view point number of 
partial images in the mixed display state is 3, the bright- 
ness of each partial image is about 0.4 as the above- 
mentioned value. Upon switching from this state to the 
full-screen display state of a two-dimensional image, if 
the above-mentioned display method that can maintain 
a substantially constant luminance range of the entire 
screen is used, although an image can be displayed to 
have a brightness of 1 as the above-mentioned value 
with respect to the performance of the backlight, the im- 
age is displayed to have a brightness of about 0.4. 
Therefore, a dark image is displayed on the entire 
screen relative to the performance of the backlight. For 
this reason ; the above-mentioned method is not suitable 
for a backlight with low performance. 

Therefore, upon reception of information indicating 
that the number of windows including a background im- 
age is 1 from the window information inputting means 
7, the light amount adjusting circuit 7 performs light 
amount adjustment after the switching operation so as 
to turn on the backlight to exhibit its maximum lumi- 
nance. On the contrary, when the full-screen display 
state of a two- or three-dimensional image is switched 
to the mixed-display state, the above-mentioned light 
amount adjustment is performed in correspondence 
with the luminance of a partial image having the maxi- 
mum view point number of those to be displayed togeth- 
er. In this manner, although the mixed-display state and 
the full-screen display state of a two- or three-dimen- 
sional image have a luminance difference, no luminance 
difference is generated in a single screen. Therefore, in 
the full-screen display mode of a partial image, an image 
can be displayed to have a maximum luminance. 

In the above-mentioned method, when the lumi- 
nance changes abruptly upon switching of the display 
state, the lighl amount adjustment may be performed so 
that the state having a brightness of 0.4 as the above- 
mentioned value may be gradually switched to the state 
having the maximum luminance (about 1 as the above- 
mentioned value) over a predetermined period of time. 

Fig. 7 is a schematic diagram showing the arrange- 
ment of an image display apparatus according to the 
second embodiment of the present invention. Fig. 8 is 
a schematic diagram showing the arrangement of the 
first image processing portion 9 of the second embodi- 
ment. This embodiment has the following two differenc- 



es from the first embodiment. That is, the display portion 
is constituted by arranging a light directivity controlling 
means (LCD 2) for displaying a partial parallax barrier 
and an image displaying means (LCD 1) for displaying 
5 a three-dimensional partial image from the backlight 3 
toward the observer side, i.e., the display portion has a 
so-called rear barrier system in which the LCDs 1 and 
2 replace each other in the first embodiment. In addition, 
the backlight 3 comprises a backlight that has uniform 
10 brightness, and instead, light amount adjusting circuits 
(light amount adjusting means) 1 &, are added in the first 
image processing portion 9 to control the brightness of 
a partial image to be displayed on the LCD 1 . Other ar- 
rangements are the same as those in the first embodi- 
es ment. 

The relationship between the two LCDs constituting 
the display portion of the apparatus of this embodiment 
will be described below with reference to Fig. 7. As in 
the description in the first embodiment (Fig. 1 ), let O be 

20 the interval (base length) between the two eyes of the 
observer, C be the observation distance of the LCD 1, 
D be the interval between the LCDs 1 and 2, B' be the 
width of each light-transmitting portion of a partial par- 
allax barrier, and P be the pixel interval of stripe pixels 

25 displayed on the LCD 1 . Then, in order to attain stereo- 
scopic viewing, these parameters must satisfy the fol- 
lowing relations: 

30 D = P.C/(0-P) (V) 



B* = P(C + D)/C (2') 

35 Note that the observation width has a finite diver- 
gence at the observation position in practice, and these 
quantities are set after they are slightly modified as in 
the arrangement of the first embodiment. Also, by ap- 
propriately changing the above-mentioned parameters, 

40 a stereoscopic image based on three or more view 
points can be displayed, needless to say. 

Each of the light amount adjusting circuits 1 S s ar- 
ranged in the first image processing portion of this em- 
bodiment converts the luminance values of pixels in in- 

« put image data in correspondence with the view point 
numbers information of the image data, and outputs the 
converted image data to the next stage. Therefore, each 
light amount adjusting circuit 15j also serves as a lumi- 
nance adjusting means. 

50 The flow of processing in this embodiment will be 
described below with reference to Figs. 7 and 8. The 
system controlling portion 18 inputs information associ- 
ated with the number, sizes, positions, and the like of 
windows, i.e. : window area designating information by 

55 controlling the window information inputting means 7. 
This information is output to the first and second image 
processing portions 9 and 10. 

The system controlling portion 18 controls the im- 
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age inputting and generating means 1 9 to generate or 
input a background image (partial image) and partial im- 
ages to be displayed on the windows. At this time, it the 
partial image is a two-dimensional image, the means 1 9 
generates or inputs one image data; if the partial image s 
is a three-dimensional image, the means 19 generates 
or inputs parallax images corresponding to the view 
point number n. The input image has data indicating its 
view point number and a window to be displayed. An 
image data group including a plurality of such image da- io 
ta is parallelly input to the view point numbers detecting 
portion (view point numbers detecting means) 8. 

The view point numbers detecting portion 8 detects 
view point numbers ni in units of image data, and paral- 
lelly outputs the detected view point numbers informa- 15 
tion ni to the first image processing portion 9 together 
with the image data. Also, the view point numbers de- 
tecting portion 8 outputs the detected view point num- 
bers information ni to the second image processing por- 
tion 10. 20 

The operation in the first image processing portion 
9 will be described below Each of the light amount ad- 
justing circuits 1 5j appropriately converts the luminance 
upon displaying image data on the basis of the view 
point numbers information, and outputs the converted 25 
data to a corresponding one of the stripe image synthe- 
sizing circuits 11j. For example, when an image data 
group input to the first image processing portion 9 in- 
cludes three different types of images, i.e., a 1-view 
point partial image, a 2-view point partial image, and a 30 
3-view point partial image, and these image data have 
a maximum brightness level "100", the luminance val- 
ues in units of pixels of the 3-view point partial image 
are left unchanged, the luminance values in units of pix- 
els of the 2-view point partial image are converted to 35 
have values 70% of the original values, and the lumi- 
nance values in units of pixels of the 1 -view point partial 
image are converted to have values 40% of the original 
values. Thereafter, these image data are output to the 
corresponding stripe image synthesizing circuits 11j. 40 

If each of the stripe image synthesizing circuits 11 j 
determines based on the image data and the view point 
numbers information ni of the image data that the input 
image data is a three-dimensional image (the view point 
number n > 2), the circuit 11 j divides ni parallax image 45 
data into a plurality of stripe pixels, forms a single stripe 
image by alternately arranging the stripe pixels in a pre- 
determined order, and outputs the stripe image to the 
next stage. If the input image data is a two-dimensional 
image data (the view point number n = 1 ), the circuit 11; so 
directly outputs the image data to the next stage. Each 
of the image compressing circuits 12j compresses the 
image data output from the previous stage to the corre- 
sponding window size on the basis of the window area 
designating information, and outputs the compressed ss 
image data to the window controlling circuit 13. 

The window controlling circuit 13 receives the im- 
age data compressed to the corresponding window siz- 



es from the respective image compressing circuits 12j, 
forms image information for one screen by appropriately 
determining the layout of these image data on the basis 
of the window area designating information, and outputs 
the formed image information to the LCD 1 drive circuit 
5. The LCD 1 drive circuit 5 drives the LCD 1 on the 
basis of the image information, and displays an image, 
on which the respective partial images are inserted in 
the corresponding windows, on the display screen of the 
LCD 1. 

At this time, since the luminance values in units of 
pixels of the respective partial images have already 
been converted in correspondence with their view point 
numbers in the corresponding light amount adjusting cir- 
cuits 1 5 h a partial image having luminance values falling 
within the range Irom 0 to 40 is formed on an area where 
a 1-view point partial image is to be displayed, a partial 
image having luminance values falling within the range 
from 0 to 70 is formed on an area where a 2-view point 
partial image is to be displayed, and a partial image hav- 
ing luminance values falling within the range from 0 to 
100 is formed on an area where a 3-view point partial 
image is to be displayed. 

The second image processing portion 10 receives 
the view point numbers information ni and the window 
area designating information, generates image data of 
partial PBs corresponding to three-dimensional partial 
images to be displayed on the LCD 1 , and outputs them 
to the LCD 2 drive circuit 4. The LCD 2 drive circuit 4 
drives the LCD 2 on the basis of the input image data, 
and forms partial PBs at appropriate positions on the 
display screen of the LCD 2. 

By controlling the time required from the generating/ 
inputting operations of images to their output opera- 
tions, so that the partial image display operation on the 
LCD 1 and the partial PB display operation on the LCD 
2 are performed at the same time, the luminance of the 
entire screen can be appropriately maintained even 
when three- and two-dimensional partial images are dis- 
played together on the screen. 

In this embodiment, since the LCD 1 is illuminated 
with light emitted by the backlight having uniform bright- 
ness, and each partial image is displayed on the LCD 1 
by controlling the luminance values in units of pixels of 
the partial image in correspondence with its view point 
number ni by the light amount adjusting means, the 
brightness levels of partial images to be observed by the 
observer can be maintained to be nearly constant. Even 
when the display state is switched to the full-screen dis- 
play state of a two- or three-dimensional image, the lu- 
minance range on the entire screen can be maintained 
to be substantially constant by the method described in 
the first embodiment. 

According to the arrangement of this embodiment, 
since the need for performing the light amount control 
of the divided areas of the backlight can be obviated, 
and the movement of the window and the change in size 
of the window are not limited by the divided area size of 



11 



BNSDOCID: <EP 0751690A2_L> 



21 EP0 751 690A2 22 



the backlight unlike in the first embodiment, the move- 
ment of the window and the change in size of the window 
can always be smoothly performed. 

In the first embodiment, the display portion adopts 
the front barrier type arrangement, and its brightness s 
adjustment is attained by adjusting the light emission 
amount of the backlight, while in the second embodi- 
ment, the display portion adopts the rear barrier type ar- 
rangement, and its brightness adjustment is attained by 
adjusting the luminance values in units of pixels of each 10 
partial image. In this case, the same brightness adjust- 
ment as in the first embodiment may be performed in 
the arrangement of the display portion of the second em- 
bodiment, while the same brightness adjustment as in 
the second embodiment may be performed in the ar- is 
rangement of the display portion of the first embodiment. 
However, a further description thereof will not be made 
to avoid redundancy. 

Fig. 9 is a schematic diagram showing the arrange- 
ment of an image display apparatus according to the 
third embodiment of the present invention. Fig. 10 is a 
schematic diagram showing the arrangement of the cir- 
cuit of the second image processing portion 10 of the 
third embodiment. 

In this embodiment, the difference from the second 
embodiment is that the first image processing portion 9 
has no light amount adjusting circuits 1 5 V and instead, 
a light amount adjusting circuit (light amount adjusting 
means) 16 is added in the second image processing 
portion 10. Other arrangements are the same as those 
in the second embodiment. The light amount adjusting 
circuit 16 changes the transmittance of the light-trans- 
mitting portions in each partial PB corresponding to a 
partial image on the basis of the view point numbers in- 
formation of the partial image. 

The flow of processing in this embodiment will be 
described below with reference to Figs. 9 and 10. The 
system controlling portion 18 inputs information associ- 
ated with the number, sizes, positions, and the like of 
windows, i.e., window area designating information by 
controlling the window information inputting means 7. 
This information is output to the first and second image 
processing portions 9 and 10. 

The system controlling portion 1 8 controls the im- 
age inputting and generating means 19 to generate or 
input a background image (partial image) and partial im- 
ages to be displayed on the windows. At this time, if the 
partial image is a two-dimensional image, the means 19 
generates or inputs one image data; if the partial image 
is a three-dimensional image, the means 1 9 generates 
or inputs parallax images corresponding to the view 
point number n. The input image has data indicating its 
view point number and a window to be displayed. An 
image data group including a plurality of such image da- 
ta is parallelly input to the view point numbers detecting 
portion 8. 

The view point numbers detecting portion 8 detects 
view point numbers ni in units of image data, and paral- 



lelly outputs the detected view point numbers informa- 
tion ni to the first image processing portion 9 together 
with the image data. Also, the view point numbers de- 
tecting portion 8 outputs the detected view point num- 
bers information ni to the second image processing por- 
tion 10. 

The operation in the first image processing portion 
9 wilt be explained below. If each of the stripe image 
synthesizing circuits 11 j determines based on the image 
data and the view point numbers information ni of the 
image data that the input image data is a three-dimen- 
sional image (the view point number n > 2), the circuit 
11 j divides ni parallax image data into a plurality of stripe 
pixels, forms a single stripe image by alternately arrang- 
ing the stripe pixels in a predetermined order, and out- 
puts the stripe image to the next stage. If the input image 
data is a two-dimensional image data (the view point 
number n = 1), the circuit 11 j directly outputs the image 
data to the next stage. Each of the image compressing 
circuits 12j compresses the image data output trom the 
previous stage to the corresponding window size on the 
basis of the window area designating information, and 
outputs the compressed image data to the window con- 
trolling circuit 1 3. 

The window controlling circuit 13 receives the im- 
age data compressed to the corresponding window siz- 
es from the respective image compressing circuits 12 h 
forms image information for one screen by appropriately 
determining the layout of these image data on the basis 
of the window area designating information, and outputs 
the formed image information to the LCD 1 drive circuit 
5. The LCD 1 drive circuit 5 drives the LCD 1 on the 
basts of the image information, and displays an image 
on the display screen of the LCD 1. 

The second image processing portion 1 0 generates 
image data of a partial PB constituted by light-transmit- 
ting portions and light-shielding portions to be displayed 
on the LCD 2 on the basis of the view point numbers 
information ni and the window area designating infor- 
mation from the view point numbers detecting portion 8, 
and outputs the generated image data to the light 
amount adjusting circuit 16. 

The light amount adjusting circuit 16 changes the 
transmittance of the light-transmitting portions of the im- 
age data (changes the display density) in correspond- 
ence with the view point numbers information ni, and 
outputs the image data to the LCD 2 drive circuit 4. The 
LCD 2 drive circuit 4 drives the LCD 2 on the basis of 
the image data to form, on the screen of the LCD 2, par- 
tial PBs constituted by light-transmitting portions of dif- 
ferent transmittances in correspondence with the view 
point numbers of the partial images displayed on the 
LCD 1. 

Figs. 11 A and 11 B show display examples of the 
LCDs 1 and 2 in this embodiment. The LCD 1 displays 
a 1 -view point partial image as a background image, and 
also displays window 1 for a 2-view point partial image 
and window 2 for a 3-view point partial image. 
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The LCD 2 displays partial PB 1 corresponding to 
two view points on an area corresponding to the 2-view 
point partial image (window 1) on the LCD 1 and partial 
PB 2 corresponding to three view points on an area cor- 
responding to the 3-view point partial image (window 2) s 
on the LCD 1. The light-transmitting portions and light- 
shielding portions of partial PB 2 are set so that light can 
be focused at three predetermined observation posi- 
tions on the observer side via stripe pixels constituting 
the 3-view point partial image. On the other hand, the 
light-transmitting portions and light-shielding portions of 
partial PB 1 are set so that light can be focused at two 
predetermined observation positions on the observer 
side via stripe pixels constituting the 2-view point partial 
image. The transmittance of the light-transmitting por- 
tions of the partial PB 1 corresponding to the 2-view 
point partial image is set to be 70 % of that of the partial 
PB 2 corresponding to the 3-view point partial image. 
Also, the transmittance of the light -transmitting portions 

01 the partial PB corresponding to the 1 -view point partial 
image is set to be 40 % of that of the partial PB 2 corre- 
sponding to the 3-view point partial image. 

By controlling the time required from the generating/ 
inputting operations of images to their output opera- 
tions, so that the partial image display operation on the 
LCD 1 and the partial PB display operation on the LCD 

2 are performed at the same time, the luminance of the 
entire screen can be appropriately maintained even 
when three- and two-dimensional partial images are dis- 
played together on the screen. 

In this embodiment, since the transmittance of the 
light-transmitting portions of a partial PB to be displayed 
on the LCD 2 is adjusted by the light amount adjusting 
means in correspondence with the view point number 
of the corresponding partial image, the brightness levels 
of partial images to be observed by the observer can 
always be maintained to be substantially constant when 
three- and two-dimensional partial images are displayed 
together on the screen. 

Even when the display state is switched to the full- 
screen display state of a two- or three-dimensional im- 
age, the luminance range on the entire screen can be 
maintained to be substantially constant by the method 
described in the first embodiment. 

According to the arrangement of this embodiment, 
since the movement of a window and the change in size 
of the window can be attained in units of pixels of the 
LCD 2 as compared to the arrangement of the first em- 
bodiment, the movement of a window and the change 
in size of the window can always be smoothly attained. 

Also, the arrangement ol this embodiment is sim- 
pler than that of the second embodiment since the 
number of constituting circuits can be reduced. 

In addition, since a partial image displayed on the 
LCD 1 is observed via light transmitted through the LCD 
2, the number of gradation levels that can be expressed 
by the LCD 1 for displaying an image does not change, 
and higher gradation expression can be obtained. 



In the third embodiment, the display portion is con- 
stituted by arranging the LCD 2 and the LCD 1 from the 
backlight 3 side, and the brightness adjustment of a par- 
tial image is executed by adjusting the transmittance of 
the light-transmitting portions of a partial PB displayed 
on the LCD 2. Also, the same brightness adjustment as 
in this embodiment may be performed in the arrange- 
ment of the display portion of the first embodiment. 

Fig. 12 is a schematic diagram showing the ar- 
rangement of a stereoscopic image display apparatus 
according to the fourth embodiment of the present in- 
vention. In this embodiment, the difference from the third 
embodiment is that a self-emitting type element 25 is 
used in place of the LCD 2 and the backlight 3 of the 
third embodiment, and a CRT driving circuit 4* is ar- 
ranged in place of the drive circuit 4. This embodiment 
uses a CRT as the self-emitting type element 25. In this 
embodiment, a partial parallax barrier is formed by al- 
ternately arranging stripe-shaped light-emitting portions 
and non-light-emitting portions on an area, correspond- 
ing to a partial image, on the tube surface of the CRT 
25. The CRT 25 has a function of a light directivity con- 
trolling means. 

The flow of processing in this embodiment will be 
described below with reference to Fig. 1 2. The first im- 
age processing portion 9 of this embodiment is the one 
from which the light amount adjusting circuits 1 S, are ex- 
cluded from that of the second embodiment (see Fig. 8). 
The second image processing portion 1 0 of this embod- 
iment is the same as that of the third embodiment, and 
Fig. 1 0 is a schematic diagram showing its arrangement. 
The system controlling portion 18 inputs information as- 
sociated with the number, sizes, positions, and the like 
of windows, i.e., window area designating information 
by controlling the window information inputting means 
7. This information is output to the first and second im- 
age processing portions 9 and 10. 

The system controlling portion 18 controls the im- 
age inputting and generating means 19 to generate or 
input a background image (partial image) and partial im- 
ages to be displayed on the windows. At this time, if the 
partial image is a two-dimensional image, the means 19 
generates or inputs one image data; if the partial image 
is a three-dimensional image, the means 19 generates 
or inputs parallax images corresponding to the view 
point number n. The input image has data indicating its 
view point number and a window to be displayed. An 
image data group including a plurality of such image da- 
ta is parallelly input to the view point numbers detecting 
portion 8. 

The view point numbers detecting portion 8 detects 
view point numbers ni in units of image data, and paral- 
lelly outputs the detected view point numbers informa- 
tion ni to the first image processing portion 9 together 
with the image data. Also, the view point numbers de- 
tecting portion 8 outputs the detected view point num- 
bers information ni to the second image processing por- 
tion 10. 
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The operation in the first image processing portion 
9 will be explained below (see Fig. 8). If each of the stripe 
image synthesizing circuits 1 1 x determines based on the 
image data and the view point numbers information ni 
of the image data that the input image data is a three- 
dimensional image (the view point number n > 2), the 
circuit 11 j divides ni parallax image data into a plurality 
of stripe pixels, forms a single stripe image by alternately 
arranging the stripe pixels in a predetermined order, and 
outputs the stripe image to the next stage. If the input 
image data is a two-dimensional image data (the view 
point number n = 1), the circuit 11 - x directly outputs the 
image data to the next stage. Each of the image com- 
pressing circuits 12j compresses the image data output 
from the previous stage to the corresponding window 
size on the basis of the window area designating infor- 
mation, and outputs the compressed image data to the 
window controlling circuit 1 3. 

The window controlling circuit 1 3 receives the im- 
age data compressed to the corresponding window siz- 
es from the respective image compressing circuits 12j, 
forms image information for one screen by appropriately 
determining the layout of these image data on the basis 
of the window area designating information, and outputs 
the formed image information to the LCD 1 drive circuit 
5. The LCD 1 drive circuit 5 drives the LCD 1 on the 
basis of the image information, and displays a synthe- 
sized image on the display screen of the LCD 1 . 

The second image processing portion 1 0 generates 
image data of a partial PB constituted by light-emitting 
portions and non-light-emitting portions to be displayed 
on a tube surface 26 of the CRT 25 on the basis of the 
view point numbers information ni and the window area 
designating information from the view point numbers de- 
tecting portion 8, and outputs the generated image data 
to the light amount adjusting circuit 16. 

The light amount adjusting circuit 16 changes the 
luminance value of the light-emitting portions in the im- 
age data (changes the display density) in correspond- 
ence with the view point numbers information ni, and 
outputs the image data to the CRT driving circuit 4'. The 
CRT driving circuit 4' drives the CRT 25 on the basis of 
the image data to form, on the tube surface of the CRT 
25, partial PBs constituted by light-emitting portions of 
different luminance values in correspondence with the 
view point numbers of the partial images displayed on 
the LCD 1. 

Figs. 1 3A and 1 3B show display examples of the 
CRT 25 and the LCD 1 in this embodiment. The LCD 1 
displays a 1 -view point partial image as a background 
image, and also displays window 1 for a 2-view point 
partial image and window 2 for a 3-view point partial im- 
age. 

The CRT 25 displays partial PB 1 corresponding to 
two view points on an area corresponding to the 2-view 
point partial image (window 1 ) on the LCD 1 and partial 
PB 2 corresponding to three view points on an area cor- 
responding to the 3-view point partial image (window 2) 



on the LCD 1 . The light-emitting portions and non-light- 
emitting portions of partial PB 2 are set so that light can 
be focused at predetermined three observation posi- 
tions on the observer side via stripe pixels constituting 

5 the 3-view point partial image. On the other hand, the 
light-emitting portions and non-light-emitting portions of 
partial PB 1 are set so that light can be focused at pre- 
determined two observation positions on the observer 
side via stripe pixels constituting the 2-view point partial 

1 o image. The luminance value of light -emitting portions of 
the partial PB 1 corresonding to the 2-view point partial 
image is set to be 70 % of that of the partial PB 2 cor- 
resonding to the 3-view point partial image. Also, the lu- 
minance value of light-emitting portions of the partial PB 

is corresponding to the 1 -view point partial image is set to 
be 40 % of that of the partial PB 2 corresponding to the 
3-view point partial image. 

By controlling the time required from the generating/ 
inputting operations of images to their output opera- 

20 tions, so that the partial image display operation on the 
LCD 1 and the partial PB display operation on the CRT 
25 are performed at the same time, the luminance of the 
entire screen can be appropriately maintained even 
when three- and two-dimensional partial images are dis- 

25 played together on the screen. 

In this embodiment, since the luminance value of 
the light-emitting portions of a partial PB displayed on 
the CRT 25 is controlled by the light amount adjusting 
means in correspondence with the view point number 

30 of the corresponding partial image, the brightness levels 
of partial images to be observed by the observer can 
always be maintained to be substantially constant when 
three- and two-dimensional partial images are displayed 
together on the screen. 

35 Even when the display state is switched to the full- 
screen display state of a two- or three-dimensional im- 
age, the luminance range on the entire screen can be 
maintained to be substantially constant by the method 
described in the first embodiment. 

40 in the fourth embodiment, the display portion is con- 
stituted by the LCD 1 serving as the image displaying 
means and the CRT 25 serving as the light directivity 
controlling means. In addition, the CRT 25 may be used 
in place of the backlight 3 and the LCD 2 in the second 

« embodiment, and the CRT 25 may be used in place of 
the backlight 3 and the LCD 1 in the first embodiment. 
However, a repetitive description thereof will be avoided 
here. 

As described above, the arrangement of the display 
50 portion, the combination of the display method and the 
light amount adjusting means, and the like described in 
the above embodiments are not particularly limited, and 
combinations described in the scope of the claims of the 
present invention are available. 

55 
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Claims 

1 . An image display-method comprising the steps of: 

defining an image obtained from one view point 
as a two-dimensional image; 
defining, as a three-dimensional image, a stripe 
image formed by dividing each ol a plurality of 
parallax images from a plurality of view points 
into a plurality of stripe pixels and arranging the 
plurality of stripe pixels in a predetermined or- 
der; 

displaying, on image displaying means, the 
two-dimensional image and the three-dimen- 
sional image together as a two-dimensional 
partial image and a three-dimensional partial 
image, or displaying a plurality of three-dimen- 
sional images with different view point numbers 
together as three-dimensional partial images; 
allowing an observer to stereoscopically view 
the three-dimensional partial image by guiding 
a light beam coming from the three-dimension- 
al partial image to a predetermined position via 
a partial parallax barrier, which is formed by 
light directivity controlling means, arranged to 
oppose said image displaying means, by alter- 
nately arranging stripe-shaped light-transmit- 
ting portions and light-shielding portions on an 
area corresponding to the three-dimensional 
partial image; and 

controlling, using light amount adjusting 
means, brightness levels of the partial images 
to be observed by the observer in correspond- 
ence with view point numbers of the partial im- 
ages. 

2. A method according to claim 1 , wherein the control- 
ling step includes the step of setting the brightness 
levels of the partial images to be substantially equal 
to each other. 

3. A method according to claim 1 , further comprising 
the step of changing a pattern of the partial parallax 
barrier in correspondence with the view point 
number of the three-dimensional partial image. 

4. A method according to claim 3, wherein illuminating 
means lor illuminating said image displaying means 
illuminates by dividing an illumination surface there- 
of into a plurality of divided areas, and said method 
further comprises the step of adjusting, using said 
light amount adjusting means, light emission 
amounts of said illuminating means in units of divid- 
ed areas. 

5. A method according to claim 4, further comprising 
the step of substantially superposing boundary 
lines of the partial images and boundary lines of the 



parallax barrier on dividing lines of the divided are- 
as. 

6. A method according to claim 3, wherein said image 
5 displaying means comprises a first light modulation 

panel, which is illuminated by illuminating means, 
and said method further comprises the steps of con- 
trolling, using said light amount adjusting means, a 
luminance value of said first light modulation panel 
10 in correspondence with the view point number of the 
partial image. 

7. A method according to claim 3, wherein said image 
displaying means comprises a self-emitting type 

is display element, and said method further comprises 
the step of controlling, using said light amount ad- 
justing means, a luminance value of said self -emit- 
ting type display element in correspondence with 
the view point number of the partial image. 

20 

8. A method according to claim 3, wherein said light 
directivity controlling means comprises a second 
light modulation panel, and said method further 
comprises the step of controlling, using said light 

25 amount adjusting means, a transmittance of the 
light-transmitting portions of the partial parallax bar- 
rier in correspondence with the view point number 
of the corresponding partial image. 

30 9. A method according to claim 3, wherein said image 
displaying means comprises a first light modulation 
panel, which is illuminated by illuminating means, 
said light directivity controlling means comprises a 
second light modulation panel, and said method f ur- 

35 ther comprises the step of controlling, using said 
light amount adjusting means, a transmittance of 
the light-transmitting portions of the partial parallax 
barrier in correspondence with the view point 
number of the corresponding partial image. 

40 

10. A method according to claim 2, further comprising 
the step of maintaining, using said light amount ad- 
justing means, the brightness levels of the partial 
images to be substantially constant when an image 

45 displayed on said image displaying means is 
switched to another image. 

11. A method according to claim 2, further comprising 
the step of performing light amount adjustment after 

50 an image displayed on said image displaying 
means is switched to another image so as to max- 
imize the brightness level, after the switching oper- 
ation, to be visually recognized by the observer in 
the image displayed on said image displaying 
55 means when a total number of partial images dis- 
played after the switching operation is 1. 

12. A method according to claim 11 , further comprising 
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the step of performing light amount adjustment after 
an image displayed on said image displaying 
means is switched to another image so as to grad- 
ually maximize the brightness level, after the 
switching operation, to be visually recognized by 
the observer in the image displayed on said image 
displaying means a predetermined period of time 
after the switching operation of the image when the 
brightness level to be visually recognized by the ob- 
server before and after the switching operation 
changes. 

13. An image display method comprising the steps of: 

defining an image obtained from one view point 
as a two-dimensional image; 
defining, as a three-dimensional image, a stripe 
image formed by dividing each of a plurality of 
parallax images from a plurality of view points 
into a plurality of stripe pixels and arranging the 
plurality of stripe pixels in a predetermined or- 
der; 

displaying, on image displaying means, the 
two-dimensional image and the three-dimen- 
sional image together as a two-dimensional 
partial image and a three-dimensional partial 
image, or displaying a plurality of three-dimen- 
sional images with different viewpoint numbers 
together as three-dimensional partial images; 
allowing an observer to stereoscopically view 
the three-dimensional partial image by guiding 
to a predetermined position, via the three-di- 
mensional partial image, a light beam coming 
from a partial parallax barrier, which is formed 
by light directivity controlling means., arranged 
to oppose said image displaying means, by al- 
ternately arranging stripe-shaped light-trans- 
mitting portions and light-shielding portions on 
an area corresponding to the three-dimension- 
al partial image; and 

controlling, using light amount adjusting 
means, brightness levels of the partial images 
to be observed by the observer in correspond- 
ence with view point numbers of the partial im- 
ages. 

14. A method according to claim 13, wherein the con- 
trolling step includes the step of setting the bright- 
ness levels of the partial images to be substantially 
equal to each other. 

1 5. A method according to claim 1 3, further comprising 
the step of changing a pattern of the partial parallax 
barrier in correspondence with the view point 
number of the three-dimensional partial image. 

16. A method according to claim 15, wherein illuminat- 
ing means for illuminating said image displaying 



means illuminates by dividing an illumination sur- 
face thereof into a plurality of divided areas, and 
said method further comprises the step of adjusting, 
using said light amount adjusting means, light emis- 
s sion amounts of said illuminating means in units of 
divided areas. 

17. A method according to claim 16, further comprising 
the step of substantially superposing boundary 

10 lines of the partial images and boundary lines of the 
parallax barrier on dividing lines of the divided are- 
as. 

18. A method according to claim 15, wherein said im- 
is age displaying means comprises a first light modu- 
lation panel, and said method further comprises the 
steps of controlling, using said light amount adjust- 
ing means, a luminance value of said first light mod- 
ulation panel in correspondence with the view point 

20 number of the partial image. 

19. A method according to daim 15, wherein said light 
directivity controlling means comprises a second 
light modulation panel, and said method further 

25 comprises the step of controlling, using said light 
amount adjusting means, a transmittance of the 
light-transmitting portions of the partial parallax bar- 
rier in correspondence with the view point number 
of the corresponding partial image. 

30 

20. A method according to claim 14, further comprising 
the step of maintaining, using said light amount ad- 
justing means, the brightness levels of the partial 
images to be substantially constant when an image 

35 displayed on said image displaying means is 
switched to another image. 

21 . A method according to claim 1 4, further comprising 
the step of performing light amount adjustment after 

40 an image displayed on said image displaying 
means is switched to another image so as to max- 
imize the brightness level, after the switching oper- 
ation, to be visually recognized by the observer in 
the image displayed on said image displaying 

4S means when a total number of partial images dis- 
played after the switching operation is 1. 

22. A method according to claim 21 , further comprising 
the step of performing light amount adjustment after 

so an image displayed on said image displaying 
means is switched to another image so as to grad- 
ually maximize the brightness level, after the 
switching operation, to be visually recognized by 
the observer in the image displayed on said image 

55 displaying means a predetermined period of time 
after the switching operation of the image when the 
brightness level to be visually recognized by the ob- 
server before and after the switching operation 
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changes. 

23. An image display method comprising the steps of: 

defining an image obtained from one view point 
as a two-dimensional image; 
defining, as a three-dimensional image, a stripe 
image formed by dividing each ol a plurality of 
parallax images from a plurality of view points 
into a plurality of stripe pixels and arranging the 
plurality of stripe pixels in a predetermined or- 
der; 

displaying, on image displaying means, the 
two-dimensional image and the three-dimen- 
sional image together as a two-dimensional 
partial image and a three-dimensional partial 
image, or displaying a plurality of three-dimen- 
sional images with different view point numbers 
together as three-dimensional partial images; 
allowing an observer to stereoscopically view 
the three-dimensional partial image by guiding 
to a predetermined position, via the three-di- 
mensional partial image, a light beam coming 
from a partial parallax barrier, which is formed 
by light directivity controlling means : arranged 
to oppose said image displaying means and 
constituted by a plurality of self -emitting type el- 
ements, by alternately arranging stripe-shaped 
light-emitting portions and non-light-emitting 
portions on an area corresponding to the three- 
dimensional partial image; and 
controlling, using light amount adjusting 
means, brightness levels of the partial images 
to be observed by the observer in correspond- 
ence with view point numbers of the partial im- 
ages. 

24. A method according to claim 23, wherein the con- 
trolling step includes the step of setting the bright- 
ness levels of the partial images to be substantially 
equal to each other. 

25. A method according to claim 23, further comprising 
the step of changing a pattern of the partial parallax 
barrier in correspondence with the view point 
number of the three-dimensional partial image. 

26. A method according to claim 25, further comprising 
the step of controlling, using said light amount ad- 
justing means, a luminance value of the light-emit- 
ting portions of the parallax barrier in correspond- 
ence with the view point number of the partial im- 
age. 

27. A method according to claim 24, further comprising 
the step of maintaining, using said light amount ad- 
justing means, the brightness levels of the partial 
images to be substantially constant when an image 



displayed on said image displaying means is 
switched to another image. 

28. A method according to claim 24, further comprising 
s the step of performing light amount adjustment after 

an image displayed on said image displaying 
means is switched to another image so as to max- 
imize the brightness level, after the switching oper- 
ation, to be visually recognized by the observer in 
io the image displayed on said image displaying 
means when a total number of partial images dis- 
played after the switching operation is 1. 

29. A method according to claim 28, further comprising 
*5 the step of performing light amount adjustment after 

an image displayed on said image displaying 
means is switched to another image so as to grad- 
ually maximize the brightness level, after the 
switching operation, to be visually recognized by 

20 the observer in the image displayed on said image 
displaying means a predetermined period of time 
after the switching operation of the image when the 
brightness level to be visually recognized by the ob- 
server before and after the switching operation 

^5 changes. 
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